Abstract: Virtually all fungal endophytes produce a variety of bioactive molecule, which is currently attracting worldwide scientific attention towards isolation and exploration of their biotechnological promise. In the present study, 17 endophytic fungi (identified by way of morphological and/or sequence based molecular methods) were screened for antimicrobial activity against pathogenic strains of six bacteria and three Aspergilli sp. The seventeen culturable fungi extracted with three solvents in increasing polarity; acetone, methanol and water were examined for antimicrobial activity in crude extracts using microbroth dilution assay. Tetracycline and Amphotericin B were used as positive controls against different bacterial strains and Aspergilli respectively. The crude extracts of Aspergillus sp. JPY1, Aspergillus sp. JPY2, Aspergillus niger and an unidentified sp. exhibited the maximum activity against three pathogenic Aspergilli sp. Their in vitro minimum inhibitory concentrations (MICs) against Aspergilli were found to be 0.387-12.50 mg/ml by microbroth dilution. In disc diffusion assay, only eleven out of fifty-one fungal extracts were found to be endowed with antimicrobial activity at a preset concentration of 50 µg/ disc which could be the potential source to develop new antimicrobial agents. The work on study of cytotoxicity and phytochemical screening (preliminary and GC-MS) of crude extracts endowed with antimicrobial properties is reported here. It is the first report of Salvadora oleoides associated endophytic fungi with antimicrobial activity, which could be an essential source of bioactive compounds useful for developing better antifungal or antibacterial drugs with good therapeutic index value.
INTRODUCTION
Resistance to drugs in microorganisms and overuse of antibiotics are becoming a serious concern around the world [1] . Moreover, the worldwide people are being threatened by more and more advent infectious diseases, accompanied with an increasing extent of environmental degradation, loss of biodiversity. Thus, there is an urgent need for new antibiotics, chemotherapeutic agents, and agrochemicals (phytochemicals) that are cheap, effective, non-toxic, and have little environmental impact. In recent times, focus on plant research has increased all over the world and a large body of evidence are gathering to show immense potential of medicinal plants used in treatment of various infectious/ microbes borne diseases. The fungal endophytes inhabiting an unusual niches provides an opportunity to find new natural products for novel drug discovery. Meanwhile, promising approaches of mining unexplored/new microbial niches associated to medicinal plants for use as antibiotics have also been emerging.
Virtually all plants are hosts to fungi and bacteria that can be classified as endophytes. Fungi and bacteria are termed endophyte if all or some of their developmental stages occur in living tissues of plants without detriment to their hosts [2] . The most frequently encountered endophytes are fungi. It has been estimated that there may be over a million different fungal species on this earth, of which only a small fraction *Address correspondence to this author at the Department of Genetics, Maharshi Dayanand University, Rohtak 124001, Haryana, India; Tel/Fax: 919416474640; E-mail: yadav1964@rediffmail.com (5%) have been identified [3] . Because of their unique inhabit the fungal endophytes have been relatively unexplored and potential sources of bioactive secondary metabolites for exploitation in medicine and agriculture. The natural products isolated from fungal endophytes have been playing a key role in the search for novel drugs and they have become an inspiring source for researchers due to their enormous structure diversity and complexity. Though the fungal endophytes reside in their host plants might produce unique metabolites with multifold pathways, hence it is necessary to investigate medicinal plant-associated endophytic fungi. Plants are a reservoir of potentially useful chemical compounds which can be used as drugs for treatment of various diseases [4, 5] . It is reported that endophytic fungi could produce similar or the same bioactive metabolites as its host plant. Therefore, in recent times, the researchers focused on medicinal uses of endophytic fungi associated with efficient medicinal plants.
Salvadora oleoides Decne (Salvadoraceae) is oil yielding and multipurpose tree. It's leaves used to relief cough, employed in the treatment of enlarged spleen and low fever and also holds anti-inflammatory, analgesic and anti ulcer properties. It is adaptable to arid and alkaline conditions [6] . The risk status of S. oleoides perceived to be under threat (regional vulnerable) and has been recommended for conservation on high priorities [7] . Thus, the present study was conducted to identify the endophytic fungi associated and to evaluate them for antimicrobial activity particularly those found in leaves and petiole/and or stem of S. oleoides.
MATERIALS AND METHODS

Isolation and Identification of Endophytic Fungi
Endophytes were isolated from S. oleoides (Voucher no. 14/153533, FRI Dehradun) plant tissues (leaves, petiole and stem) following protocol of Fisher et al. (1993) [8] with some minor modifications. In brief: plant specimens were thoroughly washed in running tap water. All samples were surface sterilized by dipping in 75% ethanol for 1 minute, followed by 5% sodium hypochlorite for 3 minutes, and finally 75% ethanol for 30 seconds. The Surface sterilized samples were washed thrice with sterile distilled water. The surface sterilized samples leaf and stem were cut into small segments. The leaf was cut into three pieces apical, middle and basal parts of size 7 mm × 5mm and the stem was cut into 5mm pieces. The plant segments were then transferred to Potato Dextrose Agar (PDA) Petri plates amended with 150 mg/L streptomycin to inhibit bacterial growth. Plates were incubated at 26±1ºC for a week.
Endophytic fungi were preliminary grouped into genus or species level groups based on spore and culture characteristics (colony shape, height and colour of aerial hyphae, base color, growth rate, surface texture). Those isolates that could not characterised based on morphology were subjected to molecular analysis using nuclear ribosomal DNA sequences including both (ITS1 and ITS4). DNA was extracted using fungal DNA kit (Nucleospin). Purified DNA was subjected to PCR amplification using primers ITS1 and ITS4 which produce amplicons of approximately 500-600 bp of ITS region. The sequence data were analyzed using the BLAST software (BLASTN) available at the National Center of Biotechnology Information (NCBI) website to determine their identity. All DNA sequences from each culture were compared to those in the GenBank database. The phylogenetic tree was produced using BLAST pair wise alignment method. Some species could not be identified on the basis of ITS sequence similarity and may be novel in nature.
Preparation of Fungal Extract
The endophytes were mass cultured on Potato Dextrose Broth (PDB) media and the mycelium were collected and dried. The dried powdered materials (100g) were then extracted with 1000ml of organic solvent (Acetone, methanol and water) by using cold percolation for 24 h. The obtained extract was then filtered by using Whatman No. 1 filter paper and then concentrated under vacuum at 40 o C by using a rotary evaporator. The extract was then lyophilized (Allied Frost Lyophilizer) to powdered form at -55 o C under vacuum conditions. 
Reference Strains
Culture of Reference strains
Fungus
The pathogenic strains of Aspergillus were cultured on Sabauraud Dextrose Agar (SDA) plates. The plates were inoculated with stock cultures of Aspergillus and incubated for 96 h in BOD incubator at 37 °C. These cultures were used as the source of spores required for performing experiments.
Bacteria
Luria broth was used throughout this assay. The method wherein turbidity is compared to Macfarland standards usually 0.5 is not able to give a standardised number of Colony Forming Unit (CFU) for all strains because this is operator driven and is thus subjective. It was difficult to compare different bacterial species as they have differing optical densities. Thus to ensure that a uniform number of bacteria were always used, a set of graphs of killing/viability curves for each strain of bacterial species was prepared. A final concentration of 5 × 10 6 CFU/mL was adopted for this assay. Thus different strains and different bacterial species could be compared [9] .
Preparation of Bacterial Culture
Using aseptic techniques a single colony was transferred into a 100 ml bottle of Luria broth capped and placed in incubator overnight at 35°C. After 12-18 h of incubation, using aseptic preparation and with the aid of a centrifuge, a clean sample of bacteria was prepared. The culture was centrifuged at 4000 rpm for 5 min with appropriate aseptic precautions. The supernatant was discarded into an appropriately labelled contaminated waste beaker. The pellet was resuspended using 20 ml of sterile normal saline and centrifuged again at 4000 rpm for 5 min. This step was repeated until the supernatant was clear. The pellet was then suspended in 20 ml of sterile normal saline and was labelled as bacteria (Bs). The optical density of the bacteria was recorded at 500 nm and serial dilutions were carried out with appropriate aseptic techniques until the optical density was in the range of 0.5-1.0. The actual number of colony forming units was calculated from the viability graph. The dilution factor needed was calculated and the dilution was carried out to obtain a concentration of 5 × 10 6 CFU/mL [9] .
Preparation of Resazurin Solution
The resazurin solution was prepared by dissolving a 270 mg tablet in 40 ml of sterile distilled water [9] . A vortex mixer was used to ensure that it was a well-dissolved and homogenous solution was formed.
Calculation of Percent Yield of the Extract
The percent yields of the crude extracts in different solvents were calculated by the following formulae:
Percent yield = weight of the crude extract (gm)/ Total weight of the fungal powder (gm) ×100
Antimicrobial Evaluation of Various Fungal Extracts
The antifungal activity of compounds was studied by Micro Broth Dilution, Disc Diffusion [10] and antibacterial activity was studied using Resazurin based Microtitre Dilution Assay (MDA) [9] . Brief description of these assays is given below:
Micro Broth Dilution Assay
The spores (1x10 6 ) of Aspergillus were harvested from 96 h cultures and were treated with different concentrations of fungal products. The plates were incubated at 37 o C and examined macroscopically after 48 h for the growth of Aspergillus mycelia.
Disc Diffusion Assay
The disc diffusion test performed in radiation sterilized Petri plates of 10.0 cm diameter (Tarson). The disc of the sample placed on the surface of the agar plates already inoculated with Aspergillus spores (1x10 6 ) or bacterial culture. The plates incubated at 37 o C and examined at 48 h for zone of inhibition, if any, around the discs.
Resazurin based Microtitre Dilution Assay
Resazurin based MDA was performed in 96 well plates under aseptic conditions. A volume of 100 µl of test materials in 10% (v/v) DMSO or sterile water (usually a stock concentration 25 mg/ml for crude extracts) added into the first row of the plate. To all wells of plate 50 µl of nutrient broth and 50 µl of normal saline was added. Serial dilutions were performed using a multichannel pipette such that each well had 100 µl of the test material in serially descending concentrations. Tips were discarded after use. 10 µl of resazurin indicator solution was added in each well. Finally 10 µl of bacterial suspension was added to each well to achieve a concentration of 5 × 10 6 CFU/ml. Each plate was wrapped loosely with cling film to ensure that bacteria did not become dehydrated. Each plate had a set of controls: a column with a broad-spectrum antibiotic as positive control (usually tetracycline in serial dilution). The plates were prepared in triplicate and placed in an incubator set at 37°C for 18-24 h. The colour change was then assessed visually. Any colour change from purple to pink or colourless was recorded as positive. The lowest concentration at which colour change occurred was taken as the MIC value. The average of three values was calculated and that was the MIC for the test material and bacterial strain.
Preliminary Phytochemical Screening
Extracts obtained from fungal endophytes were subjected to various tests for the identification of various bioactive constituents present in these species [11, 12] .
Gas Chromatography Mass Spectrometric (GCMS) Analysis of Fungal Endophyte's Extracts
The GCMS of the samples was carried out using flame ionizing detector type. The samples were dehydrated by adding 1-2% of anhydrous sodium sulphite to remove the moisture so as to avoid its interference with the working instrument.
Haemolytic Assay for Cytotoxicity
According to Latoud et al. (1986) (The suspension was  incubated at 37 o C for 30 minute and the absorbance at 540 nm was determined using a flame photometer) [13] with slight modifications, human erythrocytes, collected from apparently healthy individuals, were washed three times with Phosphate Buffer Saline centrifugation at 1500 r.p.m. for 15 min. A 2% erythrocyte suspension was incubated at 37.8 o C for 1 hour with different concentrations of extracts ranging from 3.9 to 500 µg extract per ml. After incubation, cells were pelleted at 5000 r.p.m. for 15 min. The supernatant was collected and the absorbance at 450 nm was determined using a spectrophotometer. In negative control sets, only buffer was used for background lysis, whereas in positive controls, lysis buffer was used for completely lysing the erythrocytes. For each sample the percentage of maximum haemolytic activity was determined.
RESULTS AND DISCUSSION
S. oleoides Decne, a medicinal Plant is selected as per use in Ayurveda and traditional system of medicines. No reports were available on antimicrobial activities of the endophytic fungi isolated from S. oleoides. The endophytic fungi represent an abundant source of diversity and have proven themselves as a dependable source of bioactive and chemically novel compounds with potential for exploitation in a wide variety of medical and agricultural use. Furthermore, endophytes are chemical synthesizer inside the plants [14] . In other words, they play a role as a selection system to produce bioactive substances with low toxicity [15] . Jalgaonwala et al. (2010) [16] reported the endophytic fungi AFR1, AFR4, AFR7 from roots of Aloe vera possess strong antibacterial activity against Salmonella typhi in dual culture assay. The combined extracts of the fungal endophytes from Withania somnifera have shown antimicrobial and antioxidant activity [17] . Thus investigating medicinal plants for endophytic fungi and associated biological activities offers new opportunities for extraction of drugs of potential value.
The phylogenetic tree of the three endophytic fungi is shown in Fig. (1) . The similarities with the various fungal species/strains are given in Table 1 Percent yield of various endophytic fungal extracts obtained from S. oleoides varies from 0.3 to 1.79% ( Table 2) . In most of the cases the amount of residue extracted with methanol is higher as compared to that of other solvents. Percent yield in extract was recorded variable in acetone, methanol and water extracts. Drugs used in Ayurveda are mostly prepared in water extract (better assimilation into body). Therefore, healers may not be able to extract the entire active compound. In this study the acetone and methanol extracts of all endophytic fungus studied showed greater Fig. (1) . Evolutionary relationships of 25 taxa. The evolutionary history was inferred using the Neighbor-Joining method [26] . The bootstrap consensus tree inferred from 1000 replicates [27] is taken to represent the evolutionary history of the taxa analyzed [27] . Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches [27] . The evolutionary distances were computed using the Kimura 2-parameter method [28] and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). There were a total of 176 positions in the final dataset. Phylogenetic analyses were conducted in MEGA4 [29] . The numbers given in 1 st column of the table are used in phylogenetic tree Fig. (1) .
antimicrobial activity as compared to their water extract corroborating with the earlier studies [18] [19] [20] .
Fifty one extracts of seventeen fungi tested for their antimicrobial potential, only eleven fungi's extracts were found reasonably active against nine microorganisms (Table 3 and 4) . The results obtained for the six endophytic fungal species showed the significant antibacterial activity against pathogenic bacterial strains. Highest antibacterial potential was observed with various extracts of Aspergillus sp. JPY1, unidentified species and F. moniliforme (MIC 0.780 to 1.56 mg/ml) against E. coli, S. typhi, K. pneumoniae and V. cholerae. The acetone extract of Aspergillus sp. JPY1 and unidentified species showed best activity against E. coli (MIC 0.78 mg/ml). Methanol extracts Aspergillus sp. JPY1 showed good activity against K. pneumoniae (MIC 1.56 mg/ml). P. chrysogenum extract were observed moderately active against E. coli, S. typhi and V. cholerae. In addition, the acetone extract of Aspergillus sp. JPY1 showed the inhibition zone of 6.4±0.3 mm against E. coli. Unidentified fungal species water extract was found reasonable active against E. coli with 6.4±0.8 mm zone of inhibition.
Moreover, the initial screening of fungal extracts for antifungal activity showed that 11 endophytic fungi had potential against pathogenic species of Aspergillus up to certain extent ( Table 3 ). The acetonic extract of all the four endophytic fungi (Aspergillus sp. JPY1, Aspergillus sp. JPY2, unidentified sp. and A. niger) inhibited the growth of pathogenic Aspergilli (A. fumigatus, A. niger, and A. flavus) in the range of 6.1±0.7mm to 7.1±0.3 mm by disc diffusion assay. All the extracts prepared from Aspergillus sp. JPY1, Aspergillus sp. JPY2, unidentified sp. and A. niger were found active against all pathogenic species of Aspergillus. Similarly, the various extract prepared from unidentified fungi showed growth inhibition in range of 0.378 mg/ml against A. niger. In disc diffusion assay, a concentration of 50 µg/ disc of fungal extracts were used to evaluate the potent and broad-spectrum antimicrobial activity against pathogenic strains of microbes. It was observed that only eleven out of fifty one fungal extracts were reported with antimicrobial activity (Table 5) . When the extract of acetonic extract of Aspergillus sp. JPY1 was subjected to GC analysis to find out the components produced by the fungus, it yielded 32 peaks (Fig. (2) ). Phenol, 2, 6-bis(1,1-dimethylethyl)-4 acid and 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester with prominent peaks with maximum area percentage of 19% and 7.8% respectively. The antimicrobial activity of the 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester has already been reported by Nakalembe and Kabasa (2012) [21] from the methanolic extract of Termitomyces sp. by GC-MS.
The twenty seven compounds were identified from the ethanolic extract of fresh fruit coatings of Azadirachta indica A. Juss. (neem), which showed pesticidal activity against Anopheles stephensi Liston; Phenol, 2, 6-bis(1,1-dimethylethyl)-4 acid was one of them [22] . The gas chro- Fig. (2) . Chromatogram of crude extract of Aspergillus sp. JPY1 (acetone) obtained from Gas Chromatographic analysis. matography-mass spectrometry (GC-MS) analysis also identified the presence of phytochemical components like Phenol, 2,4-bis(1,1-dimethylethyl in the ethanolic root extract of the plant Plumbago zeylanica [23] . Phenolic compounds have also been known as antioxidant agents, which act as free radical terminators and have shown medicinal activity as well as exhibiting physiological functions. It was reported that compounds such as flavonoids, which contain hydroxyls, are responsible for the radical scavenging effects [24] . Phenol, 2,6-bis (1,1-dimethylethyl)-4-methyl was obtained from the peel and pulp of fig plant [25] . Thus, these compounds were, individually and in combination with other compounds such as oleic acid may be responsible for the antimicrobial activity of Aspergillus sp. JPY1. There may be a possibility that the antimicrobial effect may be due to components present at lower concentrations involved in synergism with the other active components.
Three fungal species (Aspergillus sp. JPY1, Aspergillus sp. JPY2 and unidentified sp.) are safe for use as these did not reveal any toxicity. A. niger is not safe being toxic in nature. The toxicological effect in percent hemolysis for the fungal acetonic extracts (Aspergillus sp. JPY1, Aspergillus sp. JPY2, unidentified sp. and A. niger) have been given in Fig. (3) . Aspergillus sp. JPY1, Aspergillus sp. JPY2, unidentified sp. were not showing 50% hemolysis even at 125 µg/ml. However, A. niger is very toxic at even at low concenteration (Fig. 3) . Finally, the present study revealed the highest antimicrobial activity with acetonic extract of unidentified, culturable fungi and Aspergillus sp. JPY1 against all pathogenic microbes. Therefore, these fungi can be explored as a source of antimicrobial activity containing compounds.
CONCLUSION
The present study reveals that highest antimicrobial potential was observed with acetonic extract of unidentified culturable fungi against all pathogenic microbes and Aspergillus sp. JPY1 with very low cytotoxicity and thus it would be of great potential source of antimicrobial compounds. Indeed, endophytic fungi inside the host plants present a versatile reservoir of the various bioactive metabolites and can be of potential use to modern medicine. Recognizing the value of active metabolite of the endophytic fungi in medicine and agricultural use isolating and characterizing need further investigation. 
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